Blood and ruminal samples were analyzed from gestating cows fed apple pomace or corn silage plus isonitrogenous and isocaloric quantities of cottonseed meal or nonprotein nitrogen containing supplements in four trials. Data were also obtained from steers fed similar diets during a metabolism trial. The supplementary sources of nitrogen supplied 50 to 70% of the total nitrogen in the diet. Feeding apple pomace, compared with feeding corn silage, resulted in greater (P~.01) molar percentages of acetic and valeric acids, lesser (P(.05) molar percentages of propionic, butyric, isobutyric and isovaleric acids and lowered (P(.01) ruminal pH. Ruminal ammonia concentrations were greatest when the urea-corn supplement was fed, next greatest with biuret-corn and lowest with cottonseed meal.
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SUMMARY
Blood and ruminal samples were analyzed from gestating cows fed apple pomace or corn silage plus isonitrogenous and isocaloric quantities of cottonseed meal or nonprotein nitrogen containing supplements in four trials. Data were also obtained from steers fed similar diets during a metabolism trial. The supplementary sources of nitrogen supplied 50 to 70% of the total nitrogen in the diet. Feeding apple pomace, compared with feeding corn silage, resulted in greater (P~.01) molar percentages of acetic and valeric acids, lesser (P(.05) molar percentages of propionic, butyric, isobutyric and isovaleric acids and lowered (P(.01) ruminal pH. Ruminal ammonia concentrations were greatest when the urea-corn supplement was fed, next greatest with biuret-corn and lowest with cottonseed meal.
Steers in a metabolism trial were fed apple pomace plus either corn-urea or cottonseed meal. Results indicated that the steers excreted less (P(.01) fecal nitrogen and more (P~.05) urinary nitrogen but had similar nitrogen retentions when the urea-corn supplement was fed than when cottonseed meal was fed. Cows and steers fed the urea supplement had lowered plasma concentrations of several of the essential amino acids. Blood mineral profiles in cows were similar regardless of the source of supplementary nitrogen. (Key Words: Cattle, Apple Pomace, Metabolic Parameters, VFA, NPN, Urea.)
INTRODUCTION
The ruminant is well adapted to utilize feedstuffs that are largely noncompetitive with those feeds consumed by monogastric animals. Usually diets containing large percentages of these ingredients are best suited to animals with lowered nutrient requirements, such as nonlactating beef cows or those in gestation.
Apple pomace, a byproduct of apple processing, is very low in protein (N.R.C., 1971), but it serves as a useful energy source for ruminants of low productivity when properly supplemented (Burris and Priode, 1957) . Recently, trials were conducted to determine the value of nonprotein nitrogen (NPN) supplements in apple pomace diets for beef cows . The results indicated an antagonistic influence between NPN and apple pomace; poor calving performance, reduced calf survival and slower calf growth resulted. The results reported in this manuscript are a study of the metabolic parameters of the cows plus results of a metabolism trial with steers fed NPN or protein supplemented apple pomace diets.
EXPERIMENTAL PROCEDURE
Ruminal and blood samples were obtained from the cows fed apple pomace plus various nitrogen supplements in the trials conducted at Front Royal, VA, (trials 1 to 3) and also from cows (trial 4) and metabolism steers (trial 5) fed similar diets at Beltsville, MD. have reported the animal performance results for trials 1 to 4. The data collected in each trial were subjected to an analysis of variance. Duncan's (1955) test was used to determine statistical differences between treatment means.
Trial 1. Blood samples were obtained from the cows (trial 1, Fontenot et al., 1977) after 532 JOURNAL OF ANIMAL SCIENCE, Vol. 46, No. 3, 1977 they had consumed the test diets for 30 days and again after 133 days. On sampling days, the morning feeding of the lots (treatments) of cows was staggered to allow samples to be taken exactly 3 hr after feed was offered. Blood samples were obtained by venous puncture and were immediately centrifuged to obtain plasma. Blood ammonia (Conway, 1958), urea (Coulombe and Favreau, 1963) and magnesium (Anonymous, 1964) were determined on the collected samples.
Ruminal samples were obtained by stomach tube immediately after the blood samples were taken. The samples were strained through two layers of cheesecloth and pH was determined on the strained ruminal fluid. Rumen volatile fatty acids (VFA) (Baumgardt, 1964) and ammonia (Conway, 1958) were also determined on the strained samples.
Trial 2. Blood and ruminal samples were taken from the cows described in trial 2 . They were analyzed according to the procedures described in trial 1. One sampling time was used in this trial-after the cows had consumed their respective diets for 127 days. Feeding procedures before sampling were the same as those in trial 1.
Trial 3. Blood and ruminal samples were obtained from 48 cows in trial 3 described by Fontenot et al. (1977) and analyzed as in trial 2.
Trial 4. Approximately 2 weeks before calving and 3 hr after the morning feeding, blood samples were collected via jugular puncture from the cows in trial 4 of Fontenot et al. (1977) for the analysis of plasma amino acids. The samples were processed according to the procedure outlined by Spackman (1962) and the amino acids were determined with an automatic amino acid analyzer (Spackman, 1962; Hubbard, 1965) ; norleucine was used an internal standard. Also, at 2 weeks prepartum and again at 4 weeks postpartum, serum samples were collected and analyzed for packed cell volume, for liver copper and for serum copper, sodium, calcium, potassium and magnesium. The mineral samples were analyzed according to the procedures outlined in Anonymous (1964) .
Trial 5. Eight Hereford steers averaging 265 kg in body weight were placed in individual pens and were gradually adapted to apple pomace and soybean meal over a 10-day period. All steers were given an intramuscular injection of vitamins A, D and E. The steers were then fed apple pomace at the rate of 5% of body weight and the supplements (88% corn meal plus 12% urea supplement or cottonseed meal) at the rate of .3% of body weight. In addition, each steer was fed 17 g of salt and 23 g of dicalcium phosphate daily. Two steers in each nitrogen supplement group also were fed 10 g of sublimed sulfur to maintain a N:S ratio of 8:1. The supplements supplied 70% of the nitrogen in each diet. The quantity of feed allowed each steer was divided into equal amounts and offered at 8 am and 4 pm. The apple pomace analyzed 24.5% dry matter, 5.4% crude protein and 10.1% acid-detergent fiber; the cottonseed meal analyzed 92.7% dry matter, 48.1% crude protein and 19.4% aciddetergent fiber; and the corn-urea supplement analyzed 92.3% dry matter, 52.8% crude protein and 3.4% acid-detergent fiber.
The steers were placed in metabolism crates and 7-day excreta collections were started after the steers had consumed their respective diets for 14 days and again after they had consumed the diets for 49 days. Ruminal samples were obtained from each steer by stomach tube at the end of each collection. The samples were taken 2 hr after feeding. Ammonia (Conway, 1958) , volatile fatty acids (Baumgardt, 1964) and pH were determined on each sample. At the end of the second period, blood plasma samples were obtained from each steer the day after the ruminal samples were obtained. These samples were taken before the morning feeding and were prepared and analyzed as described in trial 4.
RESULTS
Trial 1. Table 1 shows mean values from the analyses of the rumen and blood samples. Table  2 shows the analyses of variance from those data and is included because of the large number of significant differences. Feeding the cows apple pomace, compared with feeding corn silage, resulted in significantly lowered molar percentages of propionic, isobutyric, butyric and isovaleric acids and ruminal pH but in increased molar percentages of acetic and valeric acids and blood ammonia. Feeding the corn-urea supplement resulted in the lowest concentration of isobutyric acid and the greatest concentrations of ruminal ammonia and blood urea. Sampling time significantly affected all but one measured parameter with no clear .
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pattern. The magnitude of the differences between significantly different means in table 1 can be calculated.
Trial 2. Table 3 shows mean values from rumen samples. Significant differences are shown in the table. Data shown in table 3 under the corn-urea (abrupt) and corn-urea plus hay columns were excluded from the analysis. They were not a part of the 2 x 3 factorial study. Feeding the different supplements did not result in any significant main effect responses with any of the measured parameters 9 Feeding the low level of apple pomace resulted in increased (P<.05) molar percentages of acetic acid, decreased (P<.05) molar percentages of butyric acid and increased (P<.O1) ruminal pH and ruminal ammonia concentration (P<.01).
Trial 3. Table 4 shows mean values and significant differences from the analysis of the rumen and blood samples. Including oil in the diet, compared with including starch, resulted in decreased molar percentages of acetic acid (P<~.01) and butyric acid (P<.05) and in an increased molar percentage of propionic acid (P<.01) and blood ammonia concentration (P<.01). Including pesticides in the diet did not result in any significant main effects. Feeding the corn-urea supplement, compared with feeding cottonseed meal, resulted in an increased molar percentage of propionic aicd (P<.01), ruminal pH (P<.O1) and ruminal ammonia concentration (P<.01) and in decreased molar percentage of isovaleric acid (P<.01) and total VFA concentration (P<.05).
Trial 4. The blood plasma urea, ammonia and amino acid patterns of the cows are shown in table 5. There was a trend toward a greater concentration of urea and ammonia (P<.10) and less total amino acids (P<.IO) in the plasma of cows fed corn-urea than in cows fed cottonseed meal 9 The concentration of total essential amino acids was less (P<.01) in the cows fed corn-urea. Of the nonessential amino acids, the concentration of serine (P<.01) and glutamic acid (P<.05) were greater and concentrations of alanine (P<.OS), cystine (P<.05) and ornithine (P<.O1) were less in the cows fed corn-urea. Of the essential amino acids, the concentrations of valine, isoleucine, leucine, phenylalanine, lysine and threonine were less (P<.01) in the cows fed corn-urea. I: corn-urea. Liver copper increased (P<.01) in both groups by 4 weeks postpartum, and the increase was greater for the cows fed cottonseed meal than for the cows fed corn-urea. Serum copper did not differ between treatments but was greater (P<.05) at 4 weeks postpartum than at 2 weeks prepartum. An opposite trend with time (P<.05) was noted for potassium and magnesium. None of the serum minerals tested was affected by diet (P<.05).
Trial 5. Table 7 shows the metabolism and metabolic data obtained in this trial. There aEach mean is an average of data from 11 cows per treatment.
bsampling time 1 = 2 weeks prepartum ; sampling time 2 = 4 weeks postpartum.
CSignificant (P<.05) difference between sample times.
were no significant (P<.05) differences due to sulfur supplementation so the data are shown according to main effects. Steers fed the diet supplemented with cottonseed meal required less (P<.01) time to consume the morning diet than did steers fed the diet supplemented with corn-urea. Including sulfur in the diet increased (P<.05) the time required for the steers to consume the morning diet. An interaction (P<.05) indicated that steers fed cottonseed meal required more time to consume the diet in period 2 than in period 1, but the reverse trend was true for the steers fed urea-corn. The apparent digestibility of dry matter and acid-detergent fiber were both greater (P<.05) during the second than during the first period. The amount of ingested nitrogen appearing in the feces was less (P<.01) when the steers were fed the diet supplemented with urea, but the amount of nitrogen appearing in the urine was greater (P<.05). Ruminal pH was greater (P<.01) during the second than during the first period. Steers fed the diet supplemented with urea had greater (P<.01) concentrations of ruminal ammonia than did steers fed the diet supplemented with cottonseed meal.
The blood plasma amino acid patterns of the metabolism steers are shown in table 5. The following amino acids were detected in greatest quantities in steers supplemented with cottonseed meal: taurine (P<.05); valine (P<.05); and isoleucine (P<.05). Urea-corn supplemented steers had greater (P<.01) concentrations of asparagine plus glutamine.
Discussion
Feeding apple pomace resulted in a ruminal VFA pattern different from that with the feeding of corn silage. Trial 1 results indicate that the molar percentage of acetic acid was 3.6% greater and that of vateric acid was .5% greater with apple pomace, but the molar percentage of propionic and butyric acids were 1.4 and 1.0% less, respectively. The branchedchain VFA, especially isovaleric acid, were greatly reduced when apple pomace was fed. Furthermore, the depression in the iso-VFA was the most pronounced at the second sampiing time.
The iso-VFA are present in the ruminal fluid mainly because of the degradation of dietary protein and the deamination of the branchedchain amino acids (E1-Shazly, 1952a,b; Annison, 1954) . According to N.R.C. (1971), apple pomace contains only 1.7% protein on a wet basis, and only .7% of this is digestible. Also, the NPN sources supplied only ammonia-N to the rumen, so the low values were not a surprise, especially when apple pomace was supplemented with the NPN-corn supplements. Dietary additions of the iso-VFA improve the performance of ruminants fed diets high in either protein or urea (Oltjen et aL, 1971) . Protein supplementation of the apple pomace resulted in a significant molar increase in isobutyric (trial 1) and isovaleric (trial 3) acid. Perhaps a part of the problem associated with the feeding of NPN-supplemented apple pomace diets to gestating beef cows could be associated with a lack of adequate precursors to synthesize microbial protein from NPN.
Ruminal pH was more acid (.2 pH unit) when apple pomace was fed than when corn silage was fed. Perhaps this acidity is a reflection of the acidic nature of apple pomace (pH 3.7) and/or the type of carbohydrate in apple pomace. Feeding increased quantities of apple pomace (trial 2) further decreased ruminal pH. Supplementing apple pomace with NPN tended to raise ruminal pH, probably because of the alkaline nature of the ammonium ion on the ruminal environment.
Ruminal ammonia concentrations varied with almost all of the parameters measured. The concentrations were lower in trial 1 than in the other trials. Undoubtedly, the concentrations could have been considerably higher with urea because the ruminal samples were taken 2 to 3 hr after the cattle were fed. However, a sub-acute ammonia toxicity would not likely have been present because the ruminal pH values were low compared to the ruminal ammonia values. Lewis et aL (1957) reported that changes in the ruminal ammonia concentration of sheep fed various diets were paralleled by changes in portal blood ammonia values. Peripheral blood ammonia did not increase until the ruminal levels exceeded 100 mg NHa-N/100 ml. Toxic symptoms were apparent when the concentration in the peripheral blood exceeded 1.0 to 1.5 mg NHa-N/100 ml. In the present studies, blood plasma ammonia concentration did not exceed half of this value; this finding indicated a lack of toxicity. The results from the metabolism trial (table 7) indicate that urinary nitrogen was highest with the corn-urea supplement, compared with cottonseed meal, indicating the high ammonia concent-rations were wasteful and probably escaped from being fixed into microbial protein. Blood urea values tended to be highest when the urea-corn supplement was a part of the diet.
The metabolism data in table 7 indicate that the steers in trial 5 adapted to urea in the diet by eating more slowly. This was also reported with cows in trial 3 . They also reported that cows consumed less total diet when NPN supplements were fed than when cottonseed meal was fed. Wilson et al. (1975) reported that urea depressed feed intake when it was included in the diet at levels above 2% of the diet. Furthermore, they reported that the depression seemed to be caused by some physiological parameter other than undesirable taste. Predictably, the fecal nitrogen losses were less but the urinary nitrogen losses were greater when apple pomace was supplemented with corn-urea than when it was supplemented with cottonseed meal in the present metabolism study. Nitrogen retention was similar for steers fed both types of supplements. The second collection period was conducted to determine whether 35 days of adaptation to the diets would alter the response. The results indicate that the steers fed urea ate the morning diet faster but the steers fed cottonseed meal ate their diet slower during the second collection period. The apparent digestibility of dry matter and acid-detergent fiber was greatest during the second period, and nitrogen retention was less.
Ruminal pH was greater (P<.01) during the second period than during the first period. The blood plasma amino acid patterns of the metabolism steers and cows are shown in table 5. The response due to type of supplement was the most pronounced with the cows. Perhaps this response is predictable because the protein needs of a cow 2 weeks before calving would be greater than those of growing steers. The decrease in the concentration of the branchedchain amino acids and phenylalanine and the increase in the concentration of serine have been reported to be greater with cattle fed urea containing purified diets than with cattle fed protein containing purified diets (Oltjen, 1969) . This amino acid pattern appears to be associated with depressed protein nutrition of the host animal. The ratio of the essential to the nonessential amino acids was more favorable with the cottonseed meal supplement than with the corn-urea supplement.
The results from specific mineral analysis of blood from the cows (table 6) indicated no significant differences due to treatment except for the increase in liver copper from 2 weeks prepartum to 4 weeks postpartum. For cows fed cottonseed meal, liver copper increased threefold during the 6-week period; whereas, for cows fed corn-urea, it increased by 1.6. Bovard et al. (1977) have reported on the skeletal abnormalities of the calves born from cows fed NPN supplements and apple pomace. Rumsey et al. (1977) have reported on the pesticide accumulation in the cows fed these diets.
The results from measuring the metabolic parameters do not indicate any particular parameter(s) that clearly explain the reproductive problems associated with feeding apple pomace supplemented with urea to pregnant cows. However, the reduced level of the ruminal branched-chain VFA and branched-chain amino acids in the blood plasma of cows fed apple pomace and urea have previously been associated with an inadequacy of protein for the host animal.
